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Orion’s Exploration Flight Test-1, 
coming in December, will test 
America’s newest cutting-edge 
technologies as we venture 
farther into the cosmos.

Guest Column

IT IS ONLY ONCE EVERY few generations that we have the privilege of 
defining the future steps for human spaceflight. This is one of those times, 
and we at Johnson Space Center have been, and continue to be, critical 
in seizing this exciting opportunity to define the stepping stones that will 
ultimately set boots on the surface of Mars. 
 Today we are taking the first steps toward the pioneering of space, moving 
from an Earth-dependent phase of flight through our nearby cis-lunar 
proving grounds to an Earth-independent capability that will allow us to 
reach the Red Planet. We are leveraging the International Space Station 
as the centerpiece of America’s human spaceflight endeavor, enabling the 
successful handoff of access to low-Earth Orbit to American companies, while 
in tandem building the Orion and Space Launch System as proving ground 
transportation vehicles for our Asteroid Redirect Mission. This is being 
accomplished all while developing the capabilities and technologies needed 
to reach Mars. 
 To help guide these efforts and investments across all these elements, the 
Engineering Directorate has developed Domain Implementation Plans to 
integrate and streamline our future developments. Our Domain Implementation Plans define long-term goals for 
each area, define the pathways to achieve these goals and create pursuit plans to characterize our gaps, needed 
investments and partnership strategies—all with the goal of getting humans to Mars.
 Take, for example, the recently completed test campaign for the Modified Advanced Crew Escape Suit at the 
Neutral Buoyancy Laboratory. The team was able to demonstrate the end-to-end Asteroid Redirect Crewed Mission 
Extravehicular Activity (EVA) timeline. This marked an important milestone in our EVA Domain Implementation 
Plan, proving out the mission concept, operational techniques and design parameters needed in the flight suit for 
our next steps in human spaceflight.
 A second and important example is our flight demonstration of the Autonomous Landing and Hazard Avoidance 
Technology. This series of flights prove new planetary landing and hazard avoidance capabilities crucial for our 
Entry, Descent and Landing Domain Plan and enable future human Mars missions.
 It is incumbent on all of us to not only define the future, but to effectively create solutions that advance our 
program and agency goals. It’s my hope that these Domain Implementation Plans will help us move forward with 
our goals for human spaceflight and enable our next big advancements in human exploration. 

Lauri Hansen
Director, JSC Engineering Directorate

Photo of the quarter:

NASA demonstrated that it can land an unmanned spacecraft on a rugged planetary surface in pitch darkness 
in a May 28 free-flight test of the Morpheus prototype lander and Autonomous Landing Hazard Avoidance 
Technology (ALHAT). The 98-second test included the Morpheus lander launching from the ground over a flame 
trench and ascending more than 800 feet into the dark Florida sky at Kennedy Space Center using only ALHAT’s 
Hazard Detection System for guidance. The Hazard Detection System, assisted by three light detection and 
ranging (lidar) sensors, located obstacles—such as rocks and craters—and safely landed on the lunar-like 
hazard field a quarter mile away.
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ISS Science Corner
By Laura Niles

Spiders in space weave a web of scientific inspiration  
for Spider-Man fans
WHILE SPIDERS WERE busy spinning webs in space, researchers on 
Earth weaved their knowledge of this activity into educational materials 
to inspire and motivate students. Now, this free Web-based guide has 
been rereleased through Scholastic and Sony Pictures as curriculum for 
educators to leap on the momentum gained during the release of the film, 
“The Amazing Spider-Man 2.” 
 For those who may have missed it, this guide’s inspiration came from 
real science using spiders in space. With information gleaned from the 
Commercial Generic Bioprocessing Apparatus Science Insert-05 (CSI-05) 

investigation conducted aboard the International Space Station, BioServe 
Space Technologies, Baylor College of Medicine and NASA developed an 
educational guide for teachers called “Spiders in Space.” The learning 
tool was also funded by grants from the Howard Hughes Medical Institute 
and the Houston Endowment, Inc., and previous work supported by the 
National Space Biomedical Research Institute.
 “From an educational standpoint, the fact that a large commercial 
enterprise was willing to work with science institutions to promote lessons 
that we know are accurate, have been evaluated and are engaging for 
students, is really valuable,” said Nancy Moreno, Ph.D., professor at Baylor 
College of Medicine and editorial director of BioEd Online. “We hope it 
generates interest in and enthusiasm for research on the space station by 
new audiences.”
 Launched with the STS-134 mission aboard Space Shuttle Endeavour to 
the space station in 2011, CSI-05 allowed researchers to observe spiders in 
a microgravity environment. Two golden orb spiders, or Nephila clavipes, 
were flown aboard the space station in a special habitat. The habitat’s 
cameras collected imagery throughout the spiders’ time in microgravity to 
document differences in web-spinning practices between those in space 
and the same type of spiders on the ground.

As it turns out, the golden orb spiders’ behavior did not change greatly in 
microgravity. Their webs looked much like webs spun on Earth, though in 
space the webs were more circular. The research found that the golden orb 
spiders liked to spin their webs following a timetable, in contrast to orb spiders 
from a previous investigation, which would spin webs at all times of day.
 Educators for grades kindergarten through 12 were able to conduct 
investigations of these spiders in their classrooms in near real time using 
downlinked imagery from the space station to compare the space spiders 
to their own golden orb spiders. Thanks to the “Spiders in Space” teacher’s 
guide developed during and following the CSI-05 investigation, this 
curriculum is still in use. 
 The free guide is available on the BioEd Online website, which provides 
a plethora of resources to science educators and is run by Baylor College 
of Medicine. The guide features background information, lesson plans 
and student activities for conducting a project similar to the space station 
investigation and adapted for the classroom. 
 Using this guide, students participate in inquiry-based learning about 
web spinning and other behaviors of orb weaving spiders on Earth and 
in microgravity. Students who engage in the scientific process themselves 
are more likely to be inspired to become the next generation of explorers 
and researchers.
 “The possibility of students carefully observing the behavior of 
organisms is a real opportunity,” said Moreno. “Their ability—based on 
their own observations—to then ask meaningful questions and collect 
data to answer those questions helps develop their problem-solving skills.”
 With the re-release of the “Spiders in Space” guide, educators are 
recapturing enthusiasm for these arachnids, and their intricate webs will 
continue to hold fast on students’ attention long after the closing credits of 
the new Spider-Man film.   
 To download the guide, visit: 
http://bioedonline.org/lessons-and-more/teacher-guides/spiders-in-space/ 
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A golden orb spider and its web inside the Commercial Generic 
Bioprocessing Apparatus Science Insert-05 (CSI-05) spider 
habitat aboard the International Space Station.

The “Spiders in Space” 
teacher’s guide is 
available for free 
download at: http://
bioedonline.org 
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Johnson Space Center’s inventors unite for 
Wall of Fame unveiling
ON MAY 16, the wall of the Building 11 café was adorned with a new 
fixture—an Inventors’ Wall of Fame highlighting Johnson Space Center’s 
innumerable, talented innovators who, together, are responsible for the 
center’s more than 160 patents. 
 Many inventors, responsible for devising advances such as solar-powered 
refrigeration, inflatable vessels and a low-impact mating system for 
spacecraft, gathered to hear opening remarks at the unveiling.

 Douglas Terrier, deputy director for strategic planning within the 
Strategic Opportunities & Partnership Development (SOPD) Office, as 
well as JSC’s chief technologist, welcomed those for coming out as SOPD 
recognized the great talents of the JSC workforce.
 “This wall represents your creative minds and adventurous spirits that 
help shape the progress and success of human space exploration, and also 
bring space down to Earth with technologies to benefit mankind,” said 
David Leestma, director of the Technology Transfer and Commercialization 
Office within SOPD, who spoke after Terrier’s introduction. “The patents 
on this wall show a two-fold effect: they contribute directly to the business 
of NASA in human spaceflight, scientific development and supporting the 
vision for exploration; and they’re good for our public image. They show the 
public that NASA indeed has very smart people and that we continue to do 
some amazing things.”

Patents embody JSC 2.0 at its finest
 While developing a vision for a futuristic JSC worthy of the 2.0 moniker, 
patents and their inventors are leading the way in thinking outside the 
normal constraints of the everyday. 
 “Patents are a measure in the commercial world or industry of 
innovation, or a mark of innovation, because if it’s been thought of 
before—it can’t be patented,” said Technology Transfer Lead Jack James. 
“We patent whenever it potentially has value out to industry and the 
commercial world, and that to us is what the (Wall of Fame) represents.” 
 Inventors must go through a rigorous process before their work can be 

recognized with a patent. They must first create the technology and then go 
through Legal Office and internal channels before making it to the United 
States Patent and Trademark Office. That office takes years to examine each 
case—and, if done successfully, the patent is finally issued.  
 “Once the patent is issued, it’s there for 20 years after we make the 
application,” James said. “And we take those and we can license them out 
to industry. Some of the cases include the inflatable modules that have 

By Catherine Ragin Williams

been licensed to Bigelow, and the solar refrigerator that is being sold in 
third-world countries in Africa for managing vaccines whenever there’s 
no power.” 
 While industry is snapping up our technological and scientific prowess, 
the center is demonstrating its value to stakeholders and the public alike.
 “JSC 2.0 is about building innovation and relevance to the public, so the 
innovators’ wall is just another symbol and reminder of all we’ve done in 
that area,” James said.

Inventors are different—in the best way possible
 One thing obvious when dealing with inventors is that they are not your 
average professionals—and maybe not even your average rocket scientists. 
But not following the crowd is precisely how they excel.
 Lakshmi Putcha, chief pharmacologist and inventor of technology for 
preservation of liquid biological samples at ambient temperatures, is fueled 
by aspirations of humans on Mars.
 “I'm inspired by ‘If you dream it—you can do it, if you need it—you can 
build it,’” Putcha said. “What Steve Jobs did in electronics, I would like to 
think we can do in Human Health and Performance.”
 For Robert Shuler, an avionics engineer with about five patents to his 
name, inventing is simply in his DNA. 
 “I decided to become an inventor when I was 10 years old,” Shuler said. 
“When I was in graduate school, one of my professors noticed I was able 
to come up with known results working on my own, even though I didn’t 
know them. This points out an essential character (trait) of innovators. 
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From left, David Leestma and Arlene Andrews unveil the 
Inventors’ Wall of Fame.
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JSC inventor Lakshmi Putcha points out her patent on the 
Wall of Fame.
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The Soyuz TMA-13M soars into the night sky, as seen in 
this 30-second exposure at the Baikonur Cosmodrome 
in Kazakhstan, bringing three new Expedition 40 crew 
members to the International Space Station.

They are not the people best at learning established knowledge. In fact, 
a skeptical attitude toward established knowledge and a desire to work 
things out for oneself is needed.”
 Innovators are also strangely excited by problems, rather than frustrated 
by them.
 “Inspiration for innovation usually begins with a problem, which 
known technologies do not completely solve,” said Lillian Susan 
Gavalas, an engineer whose patent involves an acoustically driven 
molecular sieve embedded with small-diameter carbon nanotubes.  
The carbon nanotubes filter matrix allows only water molecules to  
pass through, leaving behind any larger molecules and 
contaminants—thus removing water from contaminants, rather than 
contaminants from water.
 Mike Ewert, a life support and thermal systems engineer, enjoys 
discovering solutions that allow people to live better lives. His invention 

that is already helping humanity worldwide is the solar-powered 
refrigeration system.
 “For me, it was focused on the development of a next-generation docking 
system, which is a major element of all future spacecraft,” said James 
Lewis, who was most recently the deputy chief of the Mechanical Design 
and Analysis Branch. “Challenging existing designs and their requirements, 
and applying the lessons learned from previous systems, results in 
innovations that may be novel and useful commercially.”
 However, it’s not only the so-called problems that are appealing—it’s 
also the opportunity to work with like-minded folks who are cranially 
gifted, too.
 “It’s fun to solve problems and work with great people,” said Bigelow 
Expandable Activity Module Structures and Mechanisms Manager Gerard 
Valle, inventor of the inflatable vessel and method. “I think (the Wall of 
Fame) is a great way to recognize JSC inventors.”
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Space station buzzing with 
springtime activity
WHAT’S UP WITH STATION? Well, science, on the daily—but there have 
been a few other significant happenings recently. 

May 28 - Expedition 40 trio expands station crew to six 
 Three Expedition 40 crew members were welcomed to the International 
Space Station, bringing aboard NASA astronaut Reid Wiseman, Soyuz 
commander and cosmonaut Max Suraev of Roscosmos, the Russian Federal 
Space Agency, and European Space Agency astronaut Alexander Gerst. 
 Among some of the cargo flown aboard this Soyuz TMA-13M will be used in 
research investigations that are either ongoing or planned aboard the station, 
such as questionnaires for the Space Headaches investigation. This study will 
use in-flight data about the prevalence and characteristics of crew members’ 
headaches in microgravity. Space Headaches researchers will use this data to 
assess crew member headache episodes and provide the basis for developing 
future countermeasures. The effect of the medication that the crew takes to 
counteract space headaches will help determine what medication could be 
effective in treating intracranial pressure change-related symptoms on Earth.
 The tenure of Expedition 40 will include research projects focusing 
on human research, biology and biotechnology, Earth and space science, 
physical science investigations, technology demonstrations and educational 
activities. Results will help advance the body of scientific knowledge, 
leading to potential Earth benefits such as improved weather forecasts and 
human medical advancements.

May 18 - SpaceX Dragon spacecraft returns critical NASA science 
from space station 
 When SpaceX’s Dragon cargo spacecraft splashed down in the Pacific 
Ocean, it returned more than 3,500 pounds of NASA cargo and science 
samples from station.
 The returned precious cargo included investigations that could aid in 
better understanding the decreased effectiveness of antibiotics during 
spaceflight while also improving antibiotic development on Earth. Others 
could lead to the development of plants better suited for space and 
improvements in sustainable agriculture.
 Dragon is the only station resupply spacecraft capable of returning large 
amounts of cargo to Earth. The spacecraft lifted off from Florida on April 18, 
carrying approximately 5,000 pounds of supplies and science investigations 
to the space station. The mission was the third of at least 12 cargo resupply 
trips SpaceX plans to make to the space station through 2016 under NASA’s 
Commercial Resupply Services contract.

May 13 - Space station crew returns to Earth, lands safely in 
Kazakhstan 
 Three station crew members returned to Earth after 188 days in space, 
during which they orbited Earth more than 3,000 times and traveled almost 
79.8 million miles.
 Expedition 39 Commander Koichi Wakata of the Japan Aerospace 
Exploration Agency, Flight Engineer Rick Mastracchio of NASA and Soyuz 
commander Mikhail Tyurin of the Russian Federal Space Agency (Roscosmos) 
participated in a variety of research, including a human immune system 
activation and suppression study and a protein crystal growth research 
study looking for proteins responsible for Huntington’s disease and other 
neurodegenerative conditions. The crew also installed a new plant growth 
chamber designed to expand in-orbit food production capabilities.
 A key research focus area during Expedition 39 was human health 
management for long-duration space travel, as NASA and Roscosmos prepare 
for two crew members to spend one year aboard station in 2015.
 Mastracchio, Tyurin and Wakata arrived at the station Nov. 7, bearing the 
torch used to light the Olympic flame in Sochi, Russia, marking the start of the 
2014 Winter Games in February.
 Mastracchio ventured outside the space station for three contingency 
spacewalks. The first two were to remove and replace a faulty cooling pump, 
and the third to remove and replace a failed backup computer relay box.
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The top five things we will learn from  
Exploration Flight Test-1

By Brandi Dean

ALL THE SUPERLATIVES associated with Orion’s first mission this 
year—farthest a spacecraft for humans has gone in 40 years, largest heat 
shield, safest vehicle ever built—can be dazzling, no doubt. But the reason 
engineers are champing at the bit for this first mission is the promise of 
crucial flight test data that can be applied to the design for future missions. 

Orion only has two flight test opportunities before astronauts climb aboard 
on Exploration Mission-2 in 2021, so gleaning the maximum information 
possible from Exploration Flight Test-1 (EFT-1) in December (and later, 
Exploration Mission-1 in 2017) is of the highest priority. Here are the top 
five things the engineers will be paying attention to:
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RADIATION LEVELS
 Traveling 15 times farther into space than the International Space 
Station will take Orion beyond the radiation protection offered by 
Earth’s atmosphere and magnetic field. In fact, the majority of EFT-1 
will take place inside the Van Allen Belts, clouds of heavy radiation 
that surround Earth. No spacecraft built for humans has passed 
through the Van Allen Belts since the Apollo missions, and even those 
only passed through the belts—they didn’t linger.
 Future crews don’t plan to spend more time than necessary inside 
the Van Allen Belts either, but long missions to deep space will 
expose them to more radiation than astronauts have ever dealt with 
before. EFT-1’s extended stay in the Van Allen Belts offers a unique 
opportunity to see how Orion’s shielding will hold up to it. Sensors 
will record the peak radiation seen during the flight, as well as 
radiation levels throughout the flight, which can be mapped back to 
geographic hot spots. 

COMPUTER FUNCTION 
 Orion’s computer is the first of its kind to be flown in space. It can 
process 480 million instructions per second. That’s 25 times faster 
than the International Space Station’s computers, 400 times faster than 
the space shuttle’s computers and 4,000 times faster than Apollo’s. 
 But to operate in space, it has to be able to handle extreme heat 
and cold, heavy radiation and the intense vibrations of launches, 
aborts and landings. And, it has to operate through all of that 
without a single mistake. Just restarting the computer would take 
15 seconds. While that might sound lightning fast compared to your 
personal computer, you can cover a lot of ground in 15 seconds 
when you’re strapped to a rocket.

HEAT SHIELD PROTECTION
 Before the parachutes even get a chance to deploy, Orion has to 
make it safely through Earth’s atmosphere. The reason that Orion 
is traveling so far and coming back in so fast is to give the heat 
shield a good workout. The idea is to get as close as possible to the 
temperatures Orion would experience during a return from Mars. At 
the speed it will be traveling, the temperature should reach almost 
4,000 degrees Fahrenheit. At that same temperature, a nuclear reactor 
would melt down.
 Standing between the crew module and all that heat is no more than 
1.6 inches of Avcoat, a material that’s designed to burn away rather 
than transfer the temperatures back to Orion. Some 20 percent of the 
Avcoat will erode during the spacecraft’s journey back to Earth. And 
although it’s not the first time the materials have been used for this 

The Orion crew module for Exploration Flight Test-1 is 
shown in the Final Assembly and System Testing (FAST) 
cell, positioned over the service module just prior 
to mating the two sections together. The FAST cell is 
where the integrated crew and service modules are put 
through their final system tests prior to rolling out of the 
Operations and Checkout Building at NASA’s Kennedy Space 
Center in Florida for integration with its rocket.

Technicians work inside the Orion crew module being built 
at Kennedy Space Center to prepare it for its first power 
on. Turning the avionics system inside the capsule on for 
the first time marks a major milestone in Orion’s final year 
of preparations before its first mission, EFT-1.
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purpose, at 16.5 feet wide, Orion’s heat shield is the largest ever built. 
Technicians filled with Avcoat each of the 320,000 honeycomb cells 
with that make up the shield’s structure by hand, and then machined 
them to the precise fractions of inches called for by the design. 
Getting it exactly right is all that will get Orion through one of the 
most dynamic periods of its mission.

The Orion launch abort system lifts off during the Pad Abort 1 
flight test on May 6, 2010, at the White Sands Missile Range.

Engineers completed installing the heat shield on 
NASA’s Orion spacecraft ahead of its first trip to space in 
December. The heat shield will help protect the Orion 
crew vehicle from temperatures of about 4,000 degrees 
Fahrenheit during its re-entry into Earth’s atmosphere.

Orion floats to the ground in during one of its many 
drop tests, showing off the full capability of its parachute 
system.

PARACHUTE DEPLOYMENT  
 Speaking of parachutes … for EFT-1, Orion will travel 3,600 miles 
above the Earth. So when it performs its deorbit burn, it will come 
screaming back into the Earth’s atmosphere at almost 20,000 mph. 
Before it splashes down in the Pacific Ocean, Orion will slow down to 
1/1000th of its entry speed to a relatively gentle 20 mph.
 Earth’s atmosphere does its part to put on the brakes, but to make 
landing survivable, Orion relies on its parachute system—primarily 
two drogue parachutes and three massive mains that, together, would 
cover almost an entire football field. They’ve been tested on Earth; test 
versions of Orion have been dropped from airplanes with a multitude 
of failure scenarios programmed into the parachute deployment 
sequence in an effort to make sure that every possibly problem is 
accounted for. A total of 17 of these tests are planned. 
 But the sheer number of possible problems to be tested indicates 
how complicated the system is. Each parachute must deploy at the 
exact right time, open to the exact right percentages in the exact right 
stages, and be cut away exactly as planned. And no test on Earth can 
exactly simulate what the spacecraft will really experience on its 
return from space.

LAUNCH ABORT SYSTEM SEPARATION 
 The Launch Abort System (LAS) is a key reason that Orion is 
intended to become the safest spacecraft ever built. In an emergency, it 
could activate to pull the crew module and the astronauts it will carry 
away from the launch pad and the rocket in milliseconds. Hopefully 
it’s never needed, but since no crew will fly on EFT-1, the rescue system 
won’t be active.
 But even when a launch goes perfectly, the 904-pound LAS jettison 
motor has to perform flawlessly. If it doesn’t get rid of the LAS six 
minutes and 20 seconds into the mission, there will be no landing. The 
LAS protects the crew module during ascent—but to do so, it blocks 
the parachutes that allow Orion to safely splashdown.
 The Launch Abort System separation is just the first of 17 
separations, or jettisons, that have to happen exactly as planned for the 
mission to be successful.



Astronauts demonstrate they are well  
‘suited’ for exploring asteroids 

By Mark Carreau

TWO ASTRONAUTS GARBED in the Modified Advanced Crew Escape 
Suit (MACES) submerged themselves in the waters of the Neutral Buoyancy 
Lab (NBL) to successfully demonstrate the distinctive orange garment 
borrowed from NASA’s Space Shuttle Program will support spacewalk 
objectives of NASA’s Asteroid Redirect Crewed Mission.

 During the four-hour May 9 asteroid simulation, astronauts Stan Love 
and Steve Bowen crawled from the side hatch of their Orion capsule mock-
up, hocked an extension boom to the docked asteroid redirect vehicle and 
translated hand over hand to the inflatable structure encapsulating their 
prized near-Earth object to gather rock samples. 
 “This test told us that absolutely we feel confident we can do this 
mission,” said Jonathan Bowie, NASA’s Asteroid Redirect Crewed Mission 
Extravehicular Activity (EVA) project lead. “We have had good evidence to 
say we think we can. Now, we have evidence that says ‘I know I can do this.”
 Bowie and a 20-member team from the Engineering and Mission 
Operations Directorates began working toward the asteroid demonstration 
last year.
 “It's just a matter now of getting our procedures to where they are the 
most efficient—best for the crews, best for the scientists,” Bowie said. “But 
from just a first order: Can we do it? Yes, we can.”
 The actual Asteroid Redirect Mission begins with the launching of a 
robotic spacecraft to capture a small asteroid, or a boulder from a larger 
asteroid. Once enclosed in a high-strength inflatable bag, the asteroid 
will be steered by the redirect vehicle into a stable, distant retrograde 
orbit around the moon. In the mid-2020s, an Orion spacecraft with two 
astronauts will embark on a mission to rendezvous with the asteroid and 
return samples to Earth.
 Love and Bowen, building on earlier NBL simulations by astronauts Dan 
Burbank and Rex Walheim, completed their NBL sample collecting and 
repeated the tasks—all within four hours, the time originally set aside for 
a single run.
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 “The biggest unknown for going out and doing a spacewalk on a 
captured asteroid is what the asteroid is going to be like,” said Love, an 
astronomer and asteroid expert. “The small asteroids we can get with a 
robot ship are tiny. They are few yards across. Even in the world’s finest 
telescopes, they are a dot. So we are exploring what we can here in the NBL 
so that on the real day, we will have a better chance of doing it correctly.”
 Efforts to convert the Advanced Crew Escape Suit (ACES), the pressure 
garment that astronauts donned before the launch and re-entry phases of 
most shuttle missions, began last year. The goal was to modify ACES so the 
suit could play the same role during Orion missions, as well as provide 
protection during spacewalks for external repairs.
 Satisfied MACES could handle those tasks, Bowie’s team altered the 
sleeves of the suits, initially tailored so astronauts could reach out to 
cockpit instrumentation. The sleeve angle was adjusted and a bearing 
added at the shoulders so the astronauts could extend their arms to a work 
area just beyond their helmet visors.
 The alternations eased the way May 6, as Love and Bowen first cut into 
the inflatable bag surrounding a simulated asteroid and used a pneumatic 
hammer and chisel to collect and store samples.
 The modified suits were also enhanced with gloves and boots borrowed 
from Extravehicular Mobility Units, or spacesuits worn by astronauts 
during spacewalks outside the International Space Station. Those and a 
change to the Portable Life Support System backpack allowed Love and 
Bowen to anchor themselves to the extension boom and handholds on the 
asteroid redirect vehicle using body restraint tethers and foot restraints.
 After 13 NBL runs in the past year, there’s still more ahead for MACES.
 Priorities include improving the fit of the suit in its launch and re-
entry phases, as well as spacewalk configurations. The first must be 
somewhat loose for comfort inside Orion, and the second snug for ease 
in working outside.
 “Next, we go back in the lab to see how we can make things even better,” 
Bowie said. “Getting those two things to work together at the same time will 
be our next challenge.”

Astronaut Stan Love cuts open a mock-up of an asteroid 
capture inflatable bag while astronaut Steve Bowen assists.
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Using a soft cloth, Love picks up a geologic sample and 
prepares to place it into a sample container.
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Communications accessories show that function trumps 
fashion when it comes to wearable technology

By Mark Carreau

“IS THAT MY SLEEVE CALLING?” 
“Could it be the temperature sensor in the new plant growth chamber?  

Perhaps it’s a CO2 monitor in the airlock. Maybe it’s personal—have I forgotten 
someone’s birthday?”

Connectivity: You can’t thrive without it these days, and tomorrow’s version 
of electronic interaction promises to make even the latest smartphone and rise 
of wireless networks seem cumbersome.

For three years, the Wearable Technology Symposium hosted by NASA’s 
Johnson Space Center has challenged college students from some of the 
nation’s top industrial design, computer science and engineering programs 
to help shape that vision. How might small crews of astronauts living aboard 
the International Space Station, or someday exploring far from Earth, meet 
demands for greater efficiency and safety in space operations?

The E-SEWT, short for Electronic-textile System for the Evaluation of 
Wearable Technology, offers a promising approach—one that combines 
functional clothing with electronics to achieve the most in multitasking 
through hands-free communications.

“This is more than product design. This is interaction design plus product 
design,” explained Cody Miller, a junior industrial design major from New 
York’s Pratt Institute and one of those enthusiastic about addressing the 
challenge at the 2014 symposium. He and classmate Kai Lin envision the use of 
3-D printing, another emerging technology that has piqued NASA’s interest, for 
the fabrication of small hexagonal plastic blocks embedded with an assortment 
of custom electronics for audible, tactile and text-enabled displays.

The swatches, as these prototype communications accessories are known 
in the fashion industry, could be fastened by astronauts to lightweight fabric 
E-SEWT vests, belts or sleeves worn over their everyday shirts and pants. That 
allows the normal clothing to be laundered or discarded. Swatches allow for a 
wide range of function and choice in the selection of wearable devices as well.

“We wanted to incorporate 3-D printing because it’s so versatile,” Lin 
said. “It’s a unique platform to make a tactile warning device, or one for 
audible alerts or something visual like text. You can keep your mind and your 
eyes focused on the task at hand while relying on these sensors to provide 
information about the other things you are responsible for.”
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Fellow Pratt junior Violet Tamayo presented an alternate approach, an 
all-fabric modular E-SEWT with vest, belt and sleeves tailored for women 
and men.

“We rely on user-oriented software so you can customize our approach 
based on your needs,” Tamayo said. “A big part of our work was deciding how 
to make our approach work for you without conformity.”

Like the 3-D approach, the unisex styling allows the wearer to select from  
audible alert swatches to draw attention to the most urgent matters, a tactile 
version that vibrates in response to something less pressing or a visual display 
for more casual text communications.

Since the first symposium in 2012, the annual gathering has grown  
from one to five schools, 22 to 100 student participants and six to 23 
projects that address technology needs ranging from radiation shielding to 
jet-pack controls.

Each was chosen to help address NASA’s future technology needs, said 
symposium organizer Cory Simon, a member of JSC’s Human Interface Branch 
and an E-SEWT architect. Each project has NASA mentors.

Students from Pratt and Texas A&M were new to the symposium this year, 
rounding out participation from the University of Minnesota, Georgia Tech and 
Virginia Tech.

“All we do has to have relevance on Earth,” Kamlesh Lulla, Ph.D., director 
of the University Research, Collaborations and Partnership Office at JSC, told 
students gathered for the  2014 symposium on April 21. “What we do through 
these projects certainly is useful to us at NASA, because it has relevance to how 
we improve life on Earth.”

Message received.
“This is a big step for planning efficiency, safety and productivity in all 

fields,” Miller said. “It does not have to be for an astronaut. My brother is a 
firefighter. This wearable tech, especially from a 3-D printer, can be anything. 
It could be a sensor that clips onto the boot to provide a warning when things 
get too hot.”

“This opportunity has completely opened my eyes,” Tamayo added. “I 
really want to pursue the integration of something wearable, fashionable, that 
functions with a serious purpose.”

Simon said of the students, “They work their tails off and consistently 
provide some very good results. We’re able to leverage their creativity, their 
fresh perspectives.”

Pratt Institute student Cody Miller discusses his team’s 
prototype E-SEWT using 3-D-printed swatches with 
Virginia Tech student Gabriella Jacobsen at the 2014 
Wearable Technology Symposium. 
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Pratt Institute student Yun Jin Kim tests a wearable 
circuit integrated into a garment for her team’s 
redesigned E-SEWT.
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Spotlight: Lauren Harnett
Scientific Photographer with DB Consulting Group, Inc.

Q: Coolest part of your job at Johnson Space Center? 
A: One of the greatest aspects of being a photographer/videographer at 
NASA is that all of JSC is my office. A multitude of projects, experiments 
and trainings happen continuously and simultaneously all over campus. 
Each day my assignments bring interesting and diverse opportunities and 
challenges, and I get to meet and work with a wide range of professionals.    

Q: Who has been inspirational to you, and why?  
A: My Mom and Dad have been huge sources of inspiration. Both were 
government employees who taught me about dedication, commitment 
and trying your best, in addition to fighting for what you believe in. Now, 
in retirement, they continue to inspire me with the ways they get involved, 
stay busy and “give back” to the community by participating in volunteer 
projects, activities and committees.

Q: What would people be surprised to know about you?   
A:  I am an avid snowboarder, which is why I moved from the northeast 
to Houston, where the mountains are many and the snow is plentiful.

Q: If you could trade places with any other person for a week, 
famous or not famous, living or dead, real or fictional, who would 
it be? 
A: Mary Joyce, who was born in 1899. She was the first female radio 
operator in Alaska and became one of the first female pilots in Juneau. 
And, in 1935 at the age of 37, she embarked on a three-month, 1,000-
mile dog sled trek from Juneau to Fairbanks, sometimes alone, sometimes 
with a guide, along mostly unmapped territory because she “wanted to 
see the country and experience some of the things the old-timers did. 
[She] just wanted to see if [she] could do it.” She was an amazing woman 
who didn’t let gender bias stop her from successfully pursuing her goals 
and aspirations. 

Q: What is your favorite indulgence? 
A: Well, I have a bit of a weakness for popcorn …

Q: As a professional photographer, what kind of photos do you enjoy 
taking the most?
A: I love to photograph the natural world: plants, animals and landscapes. 
I’ve also been known to photograph the moon once or twice … 

Q: Where do you dream of vacationing one day?
A: The world is too vast to narrow my dreaming to one location. 

Q: Describe yourself in three words.  
A: Batty for bats. 

Q: What is the best piece of advice you freely hand out?  
A: “Every day is a good day for Chinese food.”

Q: When did you first become interested in space, and why? 
A: I first became interested in space in elementary school, when my 
uncle gave me a glow-in-the-dark mobile of the planets with sticker stars 
that I hung from my bedroom ceiling. When I was older I painted my room 
yellow and blue and spent considerable time attaching glow stars to the 
ceiling, walls and even to strings that I hung from the ceiling to represent 
“shooting stars.” I had my very own planetarium! When I inherited my 
parents’ old truck in high school, I painted the truck bed cap with a sunrise 
on one side and a nightscape with stars on the other. Space is fascinating!

Q: What is your favorite memory at JSC or of the space program? 
A: The shuttle years were among my favorite at NASA. The shuttle was 
such an impressive vehicle, and the atmosphere on-site was uplifting and 
positive. The opportunity to support Space Flight Awareness activities in 
Florida for the STS-135 launch, and being there to witness the launch in 
person, ranks pretty high on my favorite NASA memories list.  

Q: What is NASA currently doing that has you most excited? 
A: The different simulated missions NASA runs to study the effects on the 
human mind and body while living in a confined environment are fascinating. 
These simulations, including NASA Extreme Environment Mission 
Operations, Desert Research and Technology Studies and the Human 
Exploration Research Analog, are also used to help develop, test and refine 
hardware, protocols and procedures that would be used on a real mission to 
space, the moon or another planetary body. 
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Center Scoop

FROM ITS OPENING in September 1963 until its last test run on March 
21, Johnson Space Center’s “Arc Jet” facilities were used extensively 
as hands-on, enclosed fire-breathing labs where engineers gathered 
to recreate the extreme high-temperature air flows that spacecraft as 
different as Apollo and the space shuttle confronted to deliver their 
passengers safely back to Earth.

Johnson Space Center remembers the Arc Jet facilities, history
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 “We simply could not have carried out human spaceflight without the 
capability of the Arc Jet and the expertise of the people who have staffed it 
over the years,” said JSC Director Ellen Ochoa. “Regardless of where the 
hardware is, we’ll continue to need that expertise to address the safety of 
crews returning from space and other exploration activities.”
 As the labs evolved, the primary requirement for the facilities clustered 
in the center’s northeast quadrant was always the same: to demonstrate 
the ruggedness of heat shielding and help to “human rate” a succession 
of NASA spacecraft, from Apollo and shuttle to the emerging Orion and 
Commercial Crew Program vehicles.
 As JSC bids adieu to these remarkable labs, read 
more in JSC Features at http://go.usa.gov/8SXm about 
how by recreating tempestuous conditions in space, our 
professionals contributed to past, present and future 
human missions. 
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NASA ASTRONAUT REID WISEMAN, flight engineer for Expedition 40/41, 
launched to the International Space Station on May 29 and has been sharing 
incredible photos from space to his Twitter account, @astro_reid, since. A 
highlight for his posts happened June 6 when he made history by posting the 
first Vine video from space.
 If you haven’t heard of it yet, Vine is a mobile app that enables its users to 
create and post short looping video clips. Video clips created with Vine have a 
maximum length of six seconds and can be shared to Vine’s social network or 
to other services such as Twitter and Facebook. 
 The post has been retweeted more than 5,000 times (and counting), giving 
a total audience of more than 50 million the opportunity to see it. The official 
Vine account, which has more than 10 million followers, retweeted @astro_
reid, along with ABC News, USA Today and several other notable sources.
 Though it’s really tough to outdo the majesty of the Earth, Wiseman’s most 
recent Vine features his crew mate, Alexander Gerst of the European Space 
Agency, working with the Minus Eighty-Degree Laboratory Freezer aboard the 
International Space Station.
 Check out these popular Vines and join in on the social media fun with NASA:
https://vine.co/v/MD1eEQEjM9u
https://vine.co/v/Mj9Dz3zKtJM 

Have you seen it through the great Vine?

An Expedition 40 crew member aboard the 
International Space Station photographed this view 
of a sun-kissed solar array wing and a photovoltaic 
radiator (top) on the orbital outpost on June 3.

The Arc Jet team poses for a photo at the last test run 
on March 21. 

Reinforced Carbon 
Carbon is tested with 
the fire-breathing 
properties of the Arc 
Jet Facility, exposing 
the material to extreme 
heating conditions.



On June 5, a special panel at JSC discussed 
“Pioneering Space: The Next Steps on the Path to 
Mars” with (from left) JSC Director Ellen Ochoa; NASA 
Associate Administrator for Human Exploration and 
Operations Bill Gerstenmaier; Orion/Multi-Purpose 
Crew Vehicle Manager Mark Geyer; JSC Deputy 
Director Kirk Shireman; Engineering Director Lauri 
Hansen; and Engineering Deputy Director Steve Stich.
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Pioneering space—the best is yet to come
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FOR SOME, IT SEEMS LIKE ONLY YESTERDAY when spacesuited 
boots kicked up dust on the moon: July 20, 1969, to be precise. Forty-five 
years later, instead of a sapphire to commemorate this special occasion, 
NASA wants something more. 
 Forget jewels. Johnson Space Center is on a path to Mars, and we won’t 
rest until explorers are free from the bonds of low-Earth orbit. The moon 
was just the beginning. For JSC, the next steps include:
 • Getting reliable and affordable rides into low-Earth orbit courtesy of  
  the ingenuity of U.S. companies 
 • Mastering low-Earth orbit and long-duration missions with the  
  International Space Station
 • Breaking free from low-Earth orbit with Orion and the  
  Space Launch System
 • Pushing farther into cis-lunar space 
 • Planetary independence by exploring the Red Planet, its moons and  
  other exotic, deep-space destinations that tempt the human  
  imagination

 Is your interest piqued? Learn more by visiting JSC’s 2.0 website, where 
you’ll find a calendar with more Future of Exploration series events, plus 
charts that explain, in depth, our path to the Red Planet:
http://go.usa.gov/8SQ9 




